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A recently proposed method to preserve the electron beam polarization at the VEPP-4M collider
during acceleration with crossing the integer spin resonance energy E=1763 MeV has been success-
fully applied. It is based on full decompensation of 0.6 × 3.3 Tesla×meter integral of the KEDR
detector longitudinal magnetic field due to s ’switched-off’ state of the anti-solenoids.
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I. MOTIVATION
A set of the beam energy values in the Hadron-Muon
Branching Ratio measurement with the KEDR detector
[1] at the electron-positron VEPP-M collider [2] in the
region between J/ψ and ψ(2S) resonances includes sev-
eral critical points. In particular, E = 1764 MeV and
1814 MeV. Since the beam energy calibration in this ex-
periment is performed with the Resonant Depolarization
technique (RD) so polarized beams are required. Polar-
ization is obtained due to the natural radiative mecha-
nism at the VEPP-3 booster storage ring. Both men-
tioned energy values are in the so-called ’Polarization
Downfall’ − the VEPP-3 energy range of approximately
160 MeV width where obtaining of the polarization of
a fairly high degree is significantly hampered because of
strong depolarization effect of the guide field imperfec-
tions. The ’Polarization Downfall’ range was found in
the 2003 year experiment with the polarimeter based on
the internal polarized target [3].
The center of that critical range is the energy value
E4 = 1763 MeV which corresponds to the integer spin
resonance ν = νk = 4 (in the conventional storage rings
ν = γa is the spin tune parameter equal to a number of
the spin vector precessions about the vertical guide field
axis per a turn subtracting one; γ is the Lorentz factor;
a = (g − 2)/2 ). Nevertheless, one can obtain polarized
beams at VEPP-4M with the energies from the ’Polar-
ization Downfall’ excepting a small island in the vicinity
of E4 if using the method of ’auxiliary energy point’. In
the given experiment the magnetization cycle of the col-
lider is of the ’upper’ type. It means that the ’auxiliary
energy points’ should be below the energies of experi-
ment as well as below 1660 MeV taking into account the
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’Polarization Downfall’ region lower boundary. In the
cases when the method is valid the beam polarization in
VEPP-3 is achieved at the ’auxiliary’ energy. Then the
beam is injected into the collider ring. After that its en-
ergy is raised to the energy of experiment. Radiative spin
relaxation time in the collider ring is two orders larger
than that in the booster (τp ≈ 80 h at E = 1.8 GeV at
VEPP-4M). This allows us to use the beam polarization
in the RD energy calibration procedures even at a rather
small detuning from the dangerous spin resonances. For
instance, the RD calibrations of the beam energy in the
tau-lepton mass measurement experiment [4] at energies
close to the tau production threshold (E = 1777 MeV)
were carried out with a delay of about half an hour after
injection of the beam at the detuning δν ≈ 0.03 from the
resonance νk = 4 (∆E ≈ 13 MeV in the energy scale)
and less. In the case under consideration one can apply
the described method at the energy points below 1763
MeV at the detuning of ∆E ≈ 9 ÷ 13 MeV as the tau
mass measurement experiment. But there are the spe-
cial additional measures required for the point E = 1814
MeV and, apparently, for the points somewhat below the
ψ(2S) peak energy (for example. 1839 MeV). The rea-
son is the necessity to cross the integer spin resonance at
1763 MeV during acceleration starting from the ’auxil-
iary’ energy.
II. INABILITY OF FAST OR SLOW CROSSING
OF THE SPIN RESONANCE
Fast change of the beam energy in a storage ring (dur-
ing acceleration or deceleration) enables the polarization
of particles to be preserved when crossing any spin reso-
nance ν0 = νk (in a general case the spin tune ν0 is not
coincident with the definition given above for the storage
rings with an unidirectional guide field) if the following
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2condition is fulfilled [5]:
dε
dt
= ε˙ |wk|2ω0, (1)
ε(t) = |ν0(t) − νk| is a time-dependent resonant detun-
ing; wk is a resonant harmonic amplitude of the field
perturbations; ω0 is an angular frequency of particle
revolution. For instance, in the tau-mass measurement
experiment the rate of change of the detuning during
the beam energy lowering down to the tau-production
threshold was dE/dt ≈ 1 Mev/s or ε˙ ≈ 2.3 × 10−3 s−1.
Since the intersection of the combination spin resonances
ν +mνx + nνy = k, m,n = ±1,±2..., with consideration
of the betatron tunes, was successful (as proven by the
fact of the RD energy calibrations in the final state),
then the likely power of each of these minor resonances
was significantly less than the amount |wk|2 ∼ 2 × 10−5
(ω0 = 2pif0, f0 = 819 kHz). The data on measurement of
the polarization lifetime τd due to radiative depolariza-
tion at E = 1777 MeV, the tau-lepton production thresh-
old, gives the information about the natural power of the
spin resonance νk = ν = 4 related to the sources of the
vertical closed orbit perturbations. The polarization life-
time was adjusted to the level τd ≥ 1 hour [3]. One
can associate this quantity with the formal estimate of
the resonant spin harmonic amplitude using the known
equation [6, 7]:
τd ≈ τp
1 + 1118
|wk|2ν2
ε4
(2)
where ε = ν0 − 4 ≈ 0.03  1 , τp is the Sokolov-Ternov
polarization time [8]. For VEPP-4M at E = 1777 MeV
τp = 87 hours, τd = 1 hour, ε ≈ 0.03, so the estimate
|wk| ∼ 2.8 × 10−3 is obtained. Therefore, the maximal
necessary rate of the resonance crossing is ε˙ 20 s−1, or,
dE/dt  104 MeV/s. In practice, the maximal rate of
the VEPP-4M energy change without any notable losses
of particles usually does not exceed 5 MeV/s. So, a fast
crossing of the integer spin resonance E = 1763 MeV is
impossible.
Otherwise, if [5, 6]
ε˙ |wk|2ω0, (3)
then a spin resonance occurs adiabatically (slowly). Bas-
ing on the estimates made above, one can conclude that
the rate of energy change of 1÷ 10 MeV/s, in principle,
may be appropriate. In the theory of adiabatic crossing
of the spin resonances the polarization has a chance to
survive when (3) is fulfilled and it reverses a sign as a
result of the crossing. Despite the feasibility of the con-
dition of slow crossing, it is necessary to bear in mind
that there is a lower limit on the rate of the crossing
due to the depolarizing effect of radiative diffusion and
friction. Radiative depolarization time related to the ver-
tical closed orbit distortions declines very quickly when
decreasing the detuning from the integer spin resonance:
τd ∝ ε−4. For example, this time decreases as 16 times
at E = 1770 MeV as compared with the value τd = 1 h
at E = 1777 MeV. In the case of high power resonance
the spin diffusion depends also on a decrement Λ, the pa-
rameter of radiative friction. In the resonant area where
|ε| ∼ |wk| and in the case ω0|wk|  Λ the depolarization
time owing to radiative diffusion and friction achieves a
minimal value τd ∼ Λ−1 ∼ 100 msec. Given estimates
[9] allow us to infer that an adiabatic crossing the inte-
ger spin resonance at E = 1763 MeVas well as the fast
crossing discussed above will result in a loss of the beam
polarization.
III. DETUNING FROM INTEGER SPIN
RESONANCE DUE TO THE KEDR FIELD
DECOMPENSATION
The simple method to preserve the VEPP-4M beam
polarization in the conditions under consideration has
been proposed and numerically substantiated in [9] bas-
ing on some features of the KEDR detector magnetic
system. Two cases of the polarization kinematics in the
storage rings at the energy of an integer spin resonance
ν = 4 are clarified in Fig. 1. If one switches off the
current in the anti-solenoid coils, the 0.6 Tesla KEDR
detector longitudinal magnetic field integral becomes un-
compensated that results in the spin and velocity rotation
angle of about 0.34 rad at E = 1.75 GeV. This causes
a shift of the spin tune with regard to an unperturbed
value ν. The latter is proportional to the beam energy
and describes a spin precession in the storage ring with
a flat closed orbit. Thus, a non-integer part of the per-
turbed spin frequency ν0 does not accept a null value at
the critical point near E = 1763 MeV. This fact is used as
a basis for the proposal to preserve the beam polarization
during acceleration.
FIG. 1. a) There is no the preferred direction of spin po-
larization in an ideal storage ring with a flat closed orbit if
the spin precession parameter ν takes an integer value (in our
case ν = 4)). b) If a solenoid with an arbitrary spin rotation
angle ϕ is inserted and ν is an integer, then there exists an
equilibrium axis of polarization, the vector ~n. This vector ro-
tates in a median plane periodically with an azimuth ϑ and
is always directed along velocity at the location of solenoid.
The equilibrium polarization axis as a function of an
azimuth in a storage ring containing the insertion with
3longitudinal magnetic field is calculated using the known
formulae [10, 11]:
nx(ϑ) = ± sin ν(ϑ− pi)
sin ξ
· sin ϕ
2
,
ny(ϑ) = ∓cos ν(ϑ− pi)
sin ξ
· sin ϕ
2
,
nz(ϑ) = ∓ sinpiν
sin ξ
· cos ϕ
2
,
sin ξ =
√
1− cos2 piν cos2 ϕ
2
.
(4)
Here
ϕ ≈ pi
4.6ν
·
∫
H||ds (5)
is an angle of electron spin rotation in the longitudinal
magnetic field with the integral of
∫
H||ds in Tesla·meter.
The symbols x, y, z denote the horizontal, longitudinal
and vertical orts of the movable coordinate basis, respec-
tively. We use an approximation of the isomagnetic stor-
age ring in which the azimuth ϑ can be considered as
equal to the angle of a particle velocity rotation (ϑ = 0
at the solenoid location). The effective spin precession
tune is determined from an equation
cospiν0 = cospiν cos
ϕ
2
. (6)
In our case
∫
H||ds = HKEDR · Leff , where HKEDR =
0.6 Tesla, the KEDR detector field; an effective KEDR
solenoid length Leff = 3.3 m if the anti-solenoids are
switched off (and Leff = 2.5 m in the case of full com-
pensation of the detector field integral). Fig. 2 shows
that the calculated spin tune shift |ν0 − ν| ∝ ∆E makes
about ∆E ≈ 18 MeV in the vicinity of the critical energy
1763 MeV at full decompensation that is two times larger
than the minimal detuning (9 MeV), which took a place
in the RD calibrations of beam energy in the tau-mass
measurement experiment.
FIG. 2. Spin tune shift in the energy units as function of the
beam energy in the cases of no and full decompensation of
the KEDR detector field integral of 0.6× 3.3 Tesla×meter.
IV. RADIATIVE DEPOLARIZATION RATE
DURING ACCELERATION
Characteristic time of the radiative depolarization τd
due to quantum fluctations in the presence of a strong
perturbation in the form of the KEDR detector longitu-
dinal field can be found from the generalized equation
[7]:
τd ≈ τp〈
1− 29 (~n~β)2 + 1118 ~d2
〉 (7)
Here τp is the Sokolov-Ternov polarization time (it is pro-
portional to E−5 and makes up 72 hours at the VEPP-
4M energy of 1.85 GeV ); ~d2 is a square of the spin-orbit
coupling vector function perodically depending on the
azimuth. In our case the spin-orbit coupling is excited
by an uncompensated part of the KEDR field integral.
It can be defined as a derivative of the polarization axis
vector ~n (4) with respect to the particle Lorentz-factor γ
[11]:
dx = γ
∂nx
∂γ
= ±
{
F sin ν(ϑ− pi) · sin ϕ
2
+
1
sin ξ
[
ν(ϑ− pi) · cos ν(ϑ− pi) · sin ϕ
2
−
ϕ
2
· sin ν(ϑ− pi) · cos ϕ
2
]}
,
dy = γ
∂ny
∂γ
= ∓
{
F cos ν(ϑ− pi) · sin ϕ
2
−
1
sin ξ
[
ν(ϑ− pi) · sin ν(ϑ− pi) · sin ϕ
2
+
ϕ
2
· cos ν(ϑ− pi) · cos ϕ
2
]}
,
dz = γ
∂nz
∂γ
= ∓
{
F sinpiν · cos ϕ
2
+
1
sin ξ
[
piν · cospiν · cos ϕ
2
+
ϕ
2
· sinpiν · sin ϕ
2
]}
,
F = − 1
2 sin3 ξ
(
piν sin 2piν · cos2 ϕ
2
−
− ϕ
2
sinϕ · cos2 piν
)
.
(8)
Another contribution to a spin-orbit coupling is given
by betatron oscillations excited by SR fluctuations. Be-
sides an integer spin resonance this coupling relates to
combination spin resonances with betatron tunes νx,z,
in particular, of the type ν ± νx,z = kx,z in the linear
approximation (kx,z are integer). When considering the
case of a significant integral of longitudinal magnetic field
the betatron contribution to the depolarization rate near
an integer spin resonance turns to be small as compared
with a similar effect of the polarization axis ”chroma-
tism” [11–13]. By this reason we neglect the betatron
4oscillation effect in our estimate of the spin radiative ki-
netics.
The depolarization time is calculated using the for-
mula (6) and is plotted in Fig. 3 versus the beam energy
at 100% and 50% extent of decompensation of the KEDR
field integral. Minimal depolarization time τd = 10 sec-
onds. A width of the energy area where 10 s < τd < 100
s is about 30 MeV. It takes time of about 30 seconds
to cross this area at a nominal rate of energy change
dE/dt = 1 MeV/s.
The result shows that it is almost impossible to have
time to check the presence of polarization, using RD or
monitoring by the Touschek polarimeter, when the en-
ergy value E = 1764 MeV because of the expected fast
depolarization in a time of about 80 seconds. At the
energy of 1810 MeV the time τd becomes 2000 seconds.
This gives a chance to measure the energy by a spin fre-
quency. Theoretical behavior of the polarization degree
during the process of acceleration beginning from the in-
jection (’auxiliary’) energy E = 1650 MeV with relatively
safe crossing of the integer spin resonance energy at the
expense of the KEDR field decompensation is shown in
Fig. 4 for two values of the acceleration rate. The cur-
rent value of the degree in units of the initial one (P0) is
calculated from the equation
P
P0
≈ exp
[
−
∫ E2
E1
dE
(dE/dt) · τd
]
. (9)
It is seen from the calculations that it is advantageous
to apply the full decompensation of the KEDR field and
accelerate with a rate not below 2 MeV/sec. At best,
it can provide about 80% of the initial polarization de-
gree in the final state. RD calibration of the beam energy
should be performed only after resetting the anti-solenoid
field that leads to cancelation of the spin tune shift and,
with this, a systematic error in the energy value. More-
over, the polarization lifetime increases manyfold if the
KEDR field is compensated.
FIG. 3. The radiative depolarization time vs. the beam en-
ergy under the influence of 0.6 T KEDR field decompensation.
FIG. 4. Calculated change of the polarization degree rela-
tive to the initial one in a process of beam acceleration at a
rate characterized by the parameter dE/dt in the case of full
decompensation of the KEDR field.
V. TWO SKEW QUAD COMPENSATION OF
BETATRON COUPLING FROM THE KEDR
FIELD
If the anti-solenoids are switched off the special mea-
sures are needed to provide the alternative relevant op-
eration modes of VEPP-4M at the beam injection and
process of acceleration. In this case, it is convenient
to use the scheme of betatron coupling localization pro-
posed by K.Steffen [14] and based on application of two
skew quadrupole lenses (rotated by an angle of 45◦) - see
Fig.5. Previously, this scheme has already been success-
fully tested at VEPP-4M [15, 16].
Transport matrix for the vector of betatron variables
(x, x′, z, z′) at the section from the skew lens SQ+ to SQ−
including KEDR can be approximately written as
M = Q− ·M− ·Ms · L2 ·Ms ·M+ ·Q+. (10)
Here Q± is the ’thin’ skew quad matrices; L is the empty
section matrix for the length l = Ls/4; Ls = 3.3 m,
the effective length of the KEDR main solenoid (Ls =
2.5 m in the case when the anti-solenoids are switched
on); Ms is the half-solenoid matrix in the ’thin magnet’
approximation (χ = ϕ/2):
Ms =
 1 0 −χ 00 1 0 −χχ 0 1 0
0 χ 0 1
 ; (11)
M± are the matrices for transformation from the solenoid
edge to the corresponding skew quad. The skew quads
are placed symmetrically relative to the solenoid at the
’magic’ azimuths for which some elements of the matrix
M strictly or approximately satisfy a certain equation.
Strengths of the SQ± lenses are found from another equa-
tion to be proportional to χ, similar in value and opposite
in sign. If you set these found skew quad strengths, then
5the matrix M does not contain the off-diagonal (cou-
pling) 2x2 blocks or becomes close to such kind. The
simplicity of the scheme is based on the mirror sym-
metry of the magnetic structure at the section with the
solenoid. Betatron coupling is localized at this section.
Vertical and horizontal oscillations excited beyond the
section are mutually independent with the accuracy the
compensation scheme is designed and made. The scheme
provides a minimal split of the normal betatron mode
frequencies of the order of 10−3 (in units of the revolu-
tion frequency). If no compensation is applied, this split
achieves 0.1, and this does not allow a sustainable main-
tenance of the beam during acceleration.
FIG. 5. Scheme of compensation of the betatron coupling
caused by the KEDR main solenoid field with the help of two
skew quadrupoles (SQ+ and SQ-) located near the VEPP-4M
Final Focus lenses. Anti-solenoids (AS) are switched off.
VI. TOUSCHEK POLARIMETER
Relative polarization degree is measured by the Tou-
schek polarimeter [17, 18], which consists of eight plastic
scintillator counters located inside the accelerator vac-
uum chamber. Counting rate of the Intra-Beam Scatter-
ing (IBS) depends on the beam polarization [19–22]. The
relaxation time of polarization (’polarization lifetime’)
is measured by a time evolution of the scattered (Tou-
schek) particle counting rate. Correct determination of
the polarization lifetime requires taking into account the
Touschek beam lifetime, the spin dependence of IBS and
scattering on residual gas by solving an equation for the
beam particle population N :
− dN
dt
=
1
τtsh
N2(t)
N(0)
V (0)
V (t)
(
1− δ(t))+ N(t)
τbg
. (12)
Here, the first term corresponds to IBS and τtsh is the
characteristic Touschek beam lifetime; the second term
describes background scattering on residual gas with τbg,
the characteristic background lifetime; δ(t) is the polar-
ization contribution to IBS proportional polarization de-
gree squared; V (t) is the beam volume.
We use a compensation technique by normalizing the
counting rate from a polarized beam by the counting rate
from an unpolarized one. This technique allows us to
suppress some count rate fluctuations related to the beam
orbit or beam size instabilities.
During the experiment the beam volume V (more pre-
cisely, the transverse beam sizes because it is assumed
that the longitudinal size varies slightly), the beam cur-
rent I1,2 and the count rate f1,2 for the first (polarized)
and the second (unpolarized) bunches are measured. The
relative count rate difference ∆ = f1/f2−1 is calculated.
These experimental data are fitted using the following
formulae:
fi(t) =
ptsh
τtsh
I2i (t)
Ii(0)Ie
1 + αV Ii(0)
1 + αV Ii(t)
(
1− δi(t)
)
+
pbg
τbg
Ii(t)
Ie
Ii(t) =
Ii(0)e
−t/τbg
1 + (1− e−t/τbg ) τbgτtsh −
∫ t
0
e−t/τbg (δi(t) + δVi(t)) dtτtsh
V (t) = V0
(
1 + αV
I1(t) + I2(t)
2
)
∆(t) ≈ −1(t)e−t/τbg
(
δ1(t)− δ2(t)
)
+
+
1(t)
2(t)
δN +
∫ t
0
e−t/τbg (δ1(t)− δ2(t)) dtτtsh
1 + (1− e−t/τbg ) τbgτtsh
.
(13)
Here i = 1, 2 denotes first and the second bunch; x(t) is
the factor taking into account the registration efficiency:
x=1,2(t) =
[
pbg
ptsh
(
1 +
τtsh
τbg
)
+
(
x− pbg
ptsh
)
e
− tτbg
]−1
;
Ie = ef0 is the single electron current, f0 is the revolu-
tion frequency; δ1,2(t) are the polarization contribution
to the Touschek intra-beam scattering for the first and
the second bunches respectively:
δ1(t) = δ0
[
P1e
−t/τd − P2(1− e−t/τd)
]2
δ2(t) = δ0
[
P2(1− e−t/τd)
]2
.
(14)
Initial polarization of the first bunch P1 = 0.8 corre-
sponding to the assumed beam state after acceleration
(see Fig.4) is fixed to the calculated value due to strong
correlation with the parameter of the Touschek polariza-
tion effect δ0; P2 = 8
√
3/15 τd/τp, the equilibrium polar-
ization degree where τp is the Sokolov-Ternov radiative
polarization time (87 hours at 1777 MeV). δVi(t) is the
relative beam volume as a function of time:
δVi(t) = αV (Ii(t)− Ii(0)) ≈
≈ −αV Ii(0)(1− e
−t/τbg )(τtsh + τbg)
τtsh + τbg(1− e−t/τbg )
. (15)
The following free parameters are used for the fit-
ting: δ0 ≈ 1 ÷ 2% is the polarization Touschek effect;
δN = N1/N2 − 1 is the relative number of particles dif-
ference in the bunches; τd is the polarization life time
which is anobject of interest; τtsh ≈ 5 000 ÷ 20 000 s is
the Touschek life time; τbg ≈ 10 000 ÷ 20 000 s is the
background life time; ptsh ≈ 0.2 is a relative probability
to register Touschek particles; pbg ≈ 0.05 is a relative
probability to register residual gas scattered particles;
I1,2(0) ≈ 2 mA are initial current of the first and the
6second bunches, respectively; V0 is the initial beam vol-
ume; αV ≈ 0.1%mA−1 is coefficient of dependence of the
beam volume on the beam current.
An evolution in time of the measured quantity ∆(t)
in the conditions when the acceleration up to the target
energy is just done but the compensating solenoids stay
switched off can be described as follows. At the ’auxil-
iary energy’ the ratio of the bunch currents is adjusted
to a level of (I1/I2 − 1) × 100 ≈ −(1 ÷ 2)% < 0. This
is due to the necessity to minimize a slope of the depen-
dence ∆(t) as a whole and an associated systematic error.
For this purpose we kick out portion by portion the re-
dundant bunch particles using the VEPP-4M inflector.
If the bunch current ratio mentioned above is provided
then ∆(t) > 0 during all time of observation. Depolar-
ization process is enhanced during crossing of the critical
energy area and goes on after completion of the accelera-
tion and setting of the target energy. By this reason the
quantity ∆(t) grows in a positive direction by the law
close to the exponential one. The characteristic time of
this growth for the given target energy is calculated (see
Fig.3). Polarization in the beam drops to zero and then
another process becomes dominating - a relaxation due
to a difference of the bunch currents. Because of a differ-
ence in the IBS beam lifetime the quantity ∆(t) begins
to change in the negative direction. Asymptotically, it
goes to zero.
VII. EXPERIMENTAL RESULTS
The results of the RD beam energy calibration in the
’auxiliary energy’ mode are presented in Fig.6. Basing on
these data, one can get an idea of the magnitude of the
polarization effect measured by the Touschek polarime-
ter, as well as its repeatability . The time allowed for
the radiative polarization at the VEPP-3 booster ring
at energy E = 1.65 GeV was 5000-6000 seconds at the
estimated characteristic time of polarization τd ≈ 4000
seconds.
First of all, an efficiency of the proposed method for
acceleration with crossing of the critical energy E = 1763
MeV has been tested by an observation of the beam po-
larization relaxation (depolarization) in the final energy
mode at E ≈ 1.81 GeV. Evolution in time of the normal-
ized Touschek electron counting rate after completion of
acceleration in the case when the anti-solenoids remained
switched off for all the time is shown in Fig. 7. Quali-
tatively, the relaxation process proceeds as described in
the previous section. Relaxation (depolarization) time of
τ = 1399± 92 determined from the data in Fig. 7a is in
good agreement with the estimated time of about 1400 s
( Fig. 3). Compliance with the calculation in the data in
Fig. 7b looks a little worse and can be explained by the
influence of beam instability on a systematic error.
The fact of beam polarization preservation has been
fully confirmed in the runs on the beam energy measure-
ment by the resonant depolarization technique performed
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FIG. 6. Depolarization jumps during the resonant depolariza-
tion scans in two typical runs at the ’auxiliary’ energy (1655
MeV). The energy value at the bottom of each plot is mea-
sured with an accuaracy better than 10 keV.
after the acceleration (Fig. 8).
In contrast to the ’spin relaxation’ runs, the storage
ring mode with anti-solenoid field switched on was re-
stored before every start of the RD procedure. This
measure stops the non-resonant (radiative) depolariza-
tion process related to the contribution of strong longi-
tudinal magnetic fields to spin-orbit coupling. An ad-
ditional time of 385 seconds was required to restore the
anti-solenoid field and, concurrently, to set necessary cor-
rections in the collider magnetic structure. If the accel-
eration stops at the level of 1810 MeV with P/P0 = 0.81
then the relative degree falls down to 0.74 in 385 seconds.
According to the calculation, the degradation of the de-
polarization jump amplitude during acceleration makes
about (P/P0)
2 ≈ 0.5. The measured values of three
jumps in Fig. 8 are in the range (0.85 ÷ 0.36)% while
the jumps measured at the ’auxiliary’ energy and pre-
sented in Fig. 6 make up 0.9% and 1.2%. The accumu-
lated experience in the calibration of energy by resonant
depolarization at VEPP-4M says that the stability of a
beam polarization degree obtained at VEPP-3 under the
same controlled conditions, is at the level of 10 − 20%.
Therefore, comparing the specified data, we can conclude
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FIG. 7. The relaxation process of beam polarization following
the acceleration from the auxiliary energy up to 1806 MeV
with the rate of 5 MeV/s (a) and up to 1808 MeV with the rate
of 2 MeV/s (b). Compensatory solenoids shut down before
acceleration remain in the same state.
that the experiment and the calculation are in satisfac-
tory quantitative agreement.
VIII. DISCUSSION
The method to preserve an electron beam polariza-
tion at crossing of the integer spin resonance energy suc-
cessfully realized and practically applied in the HEP ex-
periment is based on the use of a longitudinal magnetic
field of the detector incorporated into the storage ring
structure. It differs from the well-known Siberian Snake
technique which requires much greater integral of mag-
netic field (4.6ν Tesla×meter) to rotate a spin of elec-
tron through an angle of 180◦ around the velocity vec-
tor. The corresponding spin tune is 1/2 or about 220
MeV in the energy units and so a detuning from inte-
ger spin resonances is maximal at any energy. A single
Siberian snake solenoid (ϕ = pi) increases a radiative de-
polarization rate by a factor of τp/τd ≈ (11/54)pi2ν2.
With approaching to an integer spin resonance a weak
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FIG. 8. Resonant depolarization beam energy calibrations at
the target energy of 1.81 GeV with the compensatory solenoid
field restoration after completion of acceleration.
solenoid (ϕ << 1) brings a more stronger spin-orbit cou-
pling than the Siberian Snake. In an accordance with (7)
and (8), the ratio of the respective depolarization times
is (ν = k)
τd(ϕ = pi)
τd(ϕ << 1)
≈ 12
ϕ2
. (16)
In our case, a comparison of the necessary field integral
in the moderate approach and the Siberian snake vari-
ant looks like 0.6 × 3.3 ≈ 2 Tesla×meter against 18.4
Tesla×meter at E = 1763 MeV. The ratio of times is
8about 102, τd(ϕ = pi) = 2.7 hours, τd(ϕ = 0.34 rad) = 97
seconds.
To date, an application of the Siberian Snakes is lim-
ited, mainly, to acceleration of the polarized proton and
heavy ion beams in synchrotrons. In such machines
the role of radiative processes in the spin kinetics is
reduced to zero. At the electron-positron storage ring-
collider VEPP-4M the radiative depolarization can limit
the effectiveness of the developed method especially with
growth of a target beam energy. Estimates show that us-
ing this method at full decompensation of the KEDR
field integral one can cross the resonance E = 1322
MeV (ν = 3) practically without polarization loss dur-
ing beam deacceleration with a rate of 2 MeV/s starting
from 1550 MeV. But acceleration in the same manner
from 1.85 GeV up to 2.4 GeV with crossing of the res-
onance E = 2203 MeV (ν = 5) leads to a three-fold
decrease of the polarization degree.
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